Snails of the family Lymnaeidae act as intermediate hosts in the biological cycle of Fasciola hepatica, which is a biological agent of fasciolosis, a parasitic disease of medical importance for humans and animals. The present work aimed to update and map the spatial distribution of the intermediate host snails of F. hepatica in Brazil. Data on the distribution of lymnaeids species were compiled from the Collection of Medical Malacology (Fiocruz-CMM, CPqRR), Collection of Malacology (MZUSP), "SpeciesLink" (CRIA) network and through systematic surveys in the literature. Our maps of the distribution of lymnaeids show that Pseudosuccinea columella is the most common species and it is widespread in the South and Southeast with few records in the Midwest, North and Northeast regions. The distribution of the Galba viatrix, G. cubensis and G. truncatula showed a few records in the South and Southeast regions, they were not reported for the Midwest, North and Northeast. In addition, in the South region there are a few records for G. viatrix and one occurrence of Lymnaea rupestris. Our findings resulted in the first map of the spatial distribution of Lymnaeidae species in Brazil which might be useful to better understand the fasciolosis distribution and delineate priority areas for control interventions.
INTRODUCTION
Snails of the family Lymnaeidae are small Basommatophora hermaphrodites, approximately 10 mm long and 6 mm wide. The lymnaeids species is widely distributed around the tropical and subtropical areas of the Americas, Europe, Asia, Africa, and Oceania 36 and inhabits natural (streams, ponds, swamps) or artificial (irrigation ditches, small dams, floodplain) types of water collections 23 .
The importance of the lymnaeids is due to the fact that they act as intermediate hosts in the biological cycle of the digenetic trematode Fasciola hepatica Linnaeus, 1758 (Trematoda, Digenea), biological agent of fasciolosis, which is a parasitic disease of medical importance for both humans and animals.
Based on an increasing number of human cases since 1980, MAS-COMA et al. 50 proposed that fasciolosis should be considered an important parasitic human disease rather than just a secondary zoonotic disease with an estimated number of infected people of more than 2.4 million people worldwide 108 . The economic losses caused by this disease include a significant impact on the livestock industry due to the high costs for therapeutic treatments in cattle, goat, and sheep breeding 24, 29, 43, 49, 83 . SMOOKER et al. 84 calculated a global cost of more than two billion dollars a year because of the infection.
In Brazil, the lymnaeids species already recorded are: Pseudosuccinea columella (Say, 1817), Galba viatrix d'Orbigny, 1835, Galba truncatula (Müeller, 1774), Galba cubensis Pfeiffer, 1839 and Lymnaea rupestris Paraense, 1982 . Except for L. rupestris, the other species have proved to be susceptible to infection by F. hepatica. Regarding the identification of lymnaeids species, their systematics is confused and there are a lot of difficulties in identifying some species using only morphological characters 28, 77 , so molecular markers are frequently necessary. Here, we used the taxonomy proposed by BAKER 13 for the species P. columella.
The present work aimed to update and map the spatial distribution of the intermediate host snails of F. hepatica in Brazil.
In the majority of the data used, the identification of the lymnaeids species was made using only morphological characters except when the data are from Fiocruz-CMM, where molecular markers were utilized to confirm the morphological identification. The molecular technique used was the polymerase chain reaction and restriction fragment length polymorphism (PCR-RFLP) targeted to the first and second internal transcribed spacers (ITS1 and ITS2) rDNA and to the mitochondrial 16S ribosomal gene (16S rDNAmt) 19, 22 . Data management and mapping: Data management, visualization and mapping were carried out in ArcGIS version 9.3 (ESRI; Redlands, CA, USA).
RESULTS
Reports on five species of Lymnaeidae were found in Brazil. Tables 1 and 2 summarize the distribution per locality of species in the five regions of Brazil ( Fig. 1 and 2 ), South (Fig. 3) , Southeast (Fig. 4) , Midwest, North and Northeast regions (Fig. 5 ). In the "SpeciesLink" (CRIA) network, we found data relative to four collections: Collection 
DISCUSSION
Our study resulted in the first map of the spatial distribution of Lymnaeidae species, intermediate host snails of F. hepatica in Brazil. The presence of host snails could reflect the disease distribution, and these data are essential for describing the risk areas of fasciolosis since there is an increase of the association between the global number of human cases and the presence of the intermediate host snail 50 . PARAENSE 65 showed that G. viatrix had few records in the South and P. columella was distributed mainly in the South and Southeast, where a high number of fasciolosis cases occurs 36 , with few records in the Midwest region. After that, the same author reported two new localities of P. columella for the states of Amazonas and Bahia 67 in the North and Northeast respectively. This agrees with our study where we also reported a low presence of this species in these regions. Our final maps about spatial distribution of lymnaeids snails show that P. columella is the most common species and it is widespread in the South and Southeast with few records in the Midwest, North and Northeast regions. Galba viatrix is predominantly distributed in the South (eight records) with only two records for the Southeast region (Belo Horizonte and Rio Acima, Minas Gerais State). The distribution of G. viatrix, G. cubensis and G. truncatula comprises few records in Southeast and South regions. They were not reported for the Midwest, North and Northeast. For the South region, the species L. rupestris was only described and found in the Nova Teutônia district in Seara municipality at Santa Catarina State 64 .
Despite the few records showed by G. viatrix in our study, according to MATTOS & UENO 52 this intermediate host is considered the most efficient species in the transmission of F. hepatica due to its high susceptibility when compared with P. columella 52 . However, P. columella showed to be the most distributed species ( Fig. 1; 95 .7%) and is certainly the most important intermediate host in Brazil. This is probably due to its biological aspects, such as its high capacity for self-fertilization, favorable condition in dispersion and colonization of new habitats 20, 35 . P. columella in several localities of the South (four municipalities) and Southeast (seven municipalities) and of G. viatrix in the South (three municipalities) naturally infected by F. hepatica (Table 1 and 2). In the South region, the presence of extensive endemic areas of fasciolosis is frequent, while in the Southeast and Midwest regions there are only small endemic areas 41 . Some environmental and climatic factors in the South region provide favorable habitats for the intermediate host snails of F. hepatica, such as low elevation (where there are numerous rice fields), clay soil, humid areas, and a temperate climate. These habitats, as shown by UENO et al. 98 , contribute to the maintenance of the snails' life cycle in this region.
In relation to the others susceptible species, G. cubensis occurs only in the Southeast, mainly in Rio de Janeiro State 19, 60, 76 . There was a gap of 30 years in its record and until now its presence in other regions was not reported. Galba truncatula is also susceptible to F. hepatica, however with few records (0.7%) it has never been found naturally infected in Brazil. Lymnaea rupestris was only described and found in one locality and there is no information about its susceptibility. Due to these facts, the role in the transmission of fasciolosis of the species above mentioned remains unknown.
In the present study, it was possible to observe the occurrence of Despite the great efforts made by research groups, some important issues related to the nature and precision of the presence of lymnaeid species in Brazil need to be considered when interpreting our findings. The complete distribution of intermediate host snails of F. hepatica in Brazil remains unknown, especially due to the large areas that need to be surveyed mainly in the North and Midwest regions. Other restraining factors include the insufficient number of researchers involved in the taxonomy area, which may cause difficulties in identifying the snails at a species level due to the confusing taxonomic situation of the Lymnaeidae family. It was confirmed by our study that in several localities (25 municipalities; 6%) the specific identification was not possible to be done. The identification of specimens is important since knowing the species that act as intermediate hosts in a particular area, we can define priority strategies regarding intermediate hosts biology to control fasciolosis. In Careaçu, MG, the occurrence of naturally-infected specimens without specific identification was reported (Table 2) .
Another important point concerns the validity of the species identification used from the literature data and malacological collections due to systematics confusion of lymnaeids snails. This identification is essential in order to justify the distribution of lymnaeid species in Brazil. Regarding L. rupestris and P. columella, there is no problem because these two species can be easily identified using a set of reliable morphological characters and the literature data can be used with a reasonable confidence. However, this is not the case regarding the three other remaining species, G. viatrix, G. cubensis and G. truncatula, because these small species cannot be separated morphologically and only molecular markers allow a clear separation 14, 27, 28, 56, 73, 77 . In our literature search we identified only 19 localities where the specific identification might be a concern (10 localities with G. viatrix, six localities with G. cubensis and three localities with G. truncatula). Only in the occurrence of G. cubensis for Belo Horizonte, MG 19 , G. truncatula for Rio Acima, MG 22 and the data from Fiocruz-CMM have the authors already carried out molecular identification.
Studies on the lymnaeid fauna should be increased all over Brazil, mainly where the information is scarce or nonexistent, with the objective to learn more about the spatial distribution of the intermediate host snail of F. hepatica. The methodology used and the intermediate host snail final maps could be useful in identifying priority areas for control interventions of fasciolosis, so that limited resources could be allocated most effectively. 
RESUMO

